Introduction: Dialysis patients aged $70 years derive improved life expectancy through kidney transplantation compared with their waitlisted counterparts, but guidelines are not clear about how to identify appropriate transplantation candidates. We developed a clinical prediction score to identify elderly dialysis patients with expected 5-year survival appropriate for kidney transplantation (>5 years).
P atients over the age of 70 years constitute a rapidly growing segment of the end-stage renal disease (ESRD) population; however, there is no consensus about which of these patients should be referred for kidney transplantation. Currently, guidelines do not include any age cutoff recommendations, and the practice of patient selection in the elderly population varies between centers. 1 Similar to their younger counterparts, elderly patients who are transplanted have greater survival compared with those who remain on the waitlist, though the survival benefit is delayed compared with younger patients. 2 Transplanted patients older than 70 do not achieve equal survival compared with those on the waitlist until 4 months after transplant and will not achieve equal survival time until 2 years from kidney transplantation. 3 Older recipients tend to have an increased risk of adverse events, especially infection. 4 Recipients' baseline cardiovascular health also significantly impacts posttransplant survival. 5 However, older patients exhibit considerable heterogeneity in comorbidities, functional status, and life expectancy. Thus, nephrologists and transplantation specialists are faced with the difficulty of selecting candidates who will benefit from transplantation from this growing population of older adults.
Prior work examining transplantation candidacy in the older adults has been limited. Grams et al. 6 created a multivariable model to examine 3-year transplant survival in older adults. However, their model was based on older adults 65 years and older who were listed for transplantation, which was a preselected population. 6 Also, their focus was on posttransplant outcomes, which is different from survival on dialysis. Recently, Dusseux et al. 7 developed a clinical prediction score using baseline characteristics of incident dialysis patients 70 years or older to help nephrologists identify those elderly dialysis patients who should be referred for transplantation. Using the Renal Epidemiology and Information Network registry, Dusseux et al. examined 3-year mortality risk in the French population and created a score that identified roughly 20% of the French elderly population as having 3-year mortality of only 30% and thus suitable for transplant referral. However, their work cannot be applied to the US dialysis population for several reasons. First, the model does not include race and ethnicity because France does not collect these data. Second, the majority of France's ESRD population uses peritoneal dialysis with different outcomes than the predominately hemodialysis population in the United States. 8 Third, their score included variables such as congestive heart failure staging, behavioral diseases, and liver diseases that are not readily available in the US registry of dialysis patients. And lastly, they examined 3-year mortality, whereas the median wait time for a deceased donor kidney is 4.5 years in the United States. 9 Hence, a scoring system needed to be created for the US population with a similar goal of assisting physicians in evaluating patient candidacy for kidney transplant referral.
The goal of this study was to develop a clinical prediction score that identifies incident elderly dialysis patients 70 years or older with a long-term prognosis appropriate for kidney transplant referral in the United States. Five-year survival was chosen because it approximates the median waitlist time for deceased donor kidneys in the United States. 9 
METHODS

Population
We used data from the 2014 United States Renal Data System, which contains information about all patients with ESRD in the United States. Baseline patient information collected at the time of dialysis initiation was derived from the 2005 version of the Medical Evidence Form 2728.
Our cohort included patients with ESRD in the United States Renal Data System database who initiated dialysis between 2006 and 2009 and were 70 years or older at the time of dialysis initiation. The year range was chosen to ensure that all patients included in the cohort had the same version of the Medical Evidence Form 2728 and a minimum of 5 years of follow-up information available in the database for 5-year mortality rate determination. Patients were excluded if they did not have a Medical Evidence Form 2728, died on the date of dialysis initiation, or if they were missing information on sex, body mass index (BMI), or date of first renal service (which was the basis of date of dialysis initiation). The rest of the patients included in the cohort did not have any additional missing data. All patients who received a kidney transplant between 2006 and 2014 but would have otherwise qualified for the cohort were excluded and placed into a separate transplant group. The main cohort was then divided using random number assignment into derivation and validation cohorts. Figure 1 shows the flowchart of the study population with inclusions and exclusions.
Data
Baseline information obtained at dialysis initiation from the Medical Evidence Form 2728 included sex, race/ ethnicity, BMI, primary cause of renal failure, employment status 6 months before dialysis initiation, care from a nephrologist before dialysis initiation, dialysis access/modality, and all listed comorbid conditions (Supplementary Appendix S1). Four age groups were created: 70-74, 75-79, 80-84, and 85 and above. Four BMI categories were created: less than 18, 18 to less than 25, 25 to less than 35, and 35 and above. Employment status before dialysis initiation was divided into 3 categories: retired (due to age/preference 
Statistical Analysis
The derivation and validation cohorts were compared for their relevant baseline characteristics through chisquared testing. The derivation cohort was used to develop the risk score. First, crude associations between baseline characteristics and 5-year mortality were assessed through single-variable logistic regression models for each baseline characteristic. Characteristics with a P-value less than 0.01 were then included in a multiple logistic regression model. Variables in the multivariable model with insignificant P-values (significance defined as P < 0.005) were further excluded. The model was then tested for multicollinearity through examination of the variance inflation factor of predictors within the multivariable model. Potential interactions between predictors were assessed through the addition of interaction terms and assessed by the P-value within the model. The model's validity was checked through the Pearson chi-squared and Hosmer-Lemeshow goodness-of-fit tests, and through plots of residuals, standardized residuals, and leverage. Once the final multiple logistic regression model was defined, a scoring system was created using the beta coefficients. The smallest absolute value beta coefficient in the model was identified. Each predictor's beta coefficient was then divided by this smallest beta coefficient's absolute value and the result was rounded to the nearest integer. 7, 10 Positive integer scores increase mortality risk status, whereas negative integer scores decrease mortality risk status. The scores of the derivation cohort were further divided into 5 groups representing 5 levels of mortality risk. The score divisions were arrived at based on percent mortality such that the 5-year mortality proportion was 50% in the lowest score group, 60% in the second lowest score group, 70% in the next score group, 80% in the second highest score group, and 90% in the highest score group.
The scoring system was then applied to the validation cohort. Mortality proportions were examined and compared in each of the 5 risk score strata to assess the score's reproducibility to build a calibration curve. To assess the score's discriminatory ability, the c-statistic was computed based on the predicted score and the actual mortality in the derivation and validation cohorts. Kaplan-Meier survival curves were constructed based on truncated 5-year survival data to assess how well the score separated the risk cohorts over time. A separate cohort of transplanted patients was also used to examine how well the risk score functioned in this group of patients. The distribution of scores was examined in this transplant population as well as 5-year mortality percentage by score category. The baseline characteristics of the transplanted cohort were further examined by the score group to determine which predictors were most influential in this cohort.
Of note, an alternative approach to deriving the prediction score using a Cox proportional hazards model was attempted treating time until death as the outcome. However, the proportional hazards assumption was violated across multiple predictors as well as in the multivariable model, so this approach was not adopted for the final score generation.
All statistical analyses were done using Stata MP 14 (StataCorp, College Station, TX).
RESULTS
Baseline Characteristics
A total of 159,362 patients comprised the cohort, which was divided randomly into 79,681 patients for both the derivation and validation cohorts ( Table 1 ). The 2 cohorts were well randomized except for a preponderance of peritoneal dialysis patients in the derivation cohort. The majority of the patients in this elderly dialysis population were non-Hispanic whites aged 70-79 with diabetes or hypertension as the primary cause of renal failure. The majority had BMI between 25 and 34, were retired, and were started on dialysis via a catheter. Their predominant comorbidities were cardiac or hypertension, and a large minority did not have a nephrologist care for them before dialysis initiation.
Predictors of 5-Year Mortality
The 5-year mortality occurred in 80% of both the derivation and validation cohorts. The crude and multivariable logistic regression analyses resulted in 22 characteristics that were predictive of 5-year mortality, shown in Table 2 . Crude associations for each of the candidate variables can be found in Supplementary  Table S1 . Table 2 shows the scoring system that was created based on multivariable logistic regression modeling using significant predictors. Positive points indicate a higher risk of mortality, whereas negative points indicate a lower risk of mortality. The predictor with the strongest association with increased mortality was age 85 or above, which resulted in þ14 points. Other factors strongly associated with increased mortality included chronologic age 80 to 84, BMI less than 18, and being institutionalized. The factors most associated with reduced mortality were any race other than white, a primary cause of ESRD other than diabetes, being employed within 6 months of dialysis initiation, and having an arteriovenous fistula at dialysis initiation. Comorbid hypertension (other than as the primary cause of ESRD) was also found to be associated with increased 5-year survival. Table 3 shows the number of patients and the proportion of 5-year mortality outcomes in each score group in both the derivation and validation cohorts. The range of scores in the derivation cohort was from À25 to þ50 with a median of 7 and an SD of 9.86. The range of scores in the validation cohort was from À27 to þ51 with a median of 7 and an SD of 9.93. In the derivation cohort, score group 1 (score # 9) comprised 3.5% of the cohort and had 51% 5-year mortality. In the validation cohort, score group 1 comprised 3.6% of the cohort and had 47% 5-year mortality. Score group 5 (score $ 10) comprised the largest proportion of both cohorts (42%) and experienced the highest 5-year mortality (more than 90%). The 2 cohorts had similar numbers of patients in each score group as well as similar mortality proportions, indicating good calibration and predictive function of the scoring system. The c-statistic for the derivation cohort was 0.71 (95% confidence interval 0.70-0.71), and the c-statistic for the validation cohort was 0.71 . When the scoring system was applied to this cohort of kidney transplant recipients who would otherwise have qualified for the derivation or validation cohort, the resulting score distributions were as can be found in Table 4 . The range in scores for this cohort was À26 to þ28 with a median of À4 and an SD of 6.42. More than 50% of these patients were in the lowest 2 score groups (all negative scores) and only 2% were in the highest score group. The c-statistic for the prediction of 5-year mortality in this kidney transplant cohort was 0.60 (95% confidence interval 0.57-0.63). Figure 3 demonstrates the difference in the distribution of scores between the transplant cohort and the other 2 cohorts. Whereas the distributions of the derivation and validation cohorts basically overlap, the distribution of the transplant cohort is shifted to the left. The transplanted group generally had fewer comorbidities, were younger, and had less diabetes than the other 2 cohorts (Supplementary Table S2 ). They also had much larger proportions receiving nephrologist care before dialysis initiation or with hypertension. Figure 4 shows the Kaplan Meier plot of survival in the transplanted cohort by the score group, which showed a significant survival difference between score groups by the log rank test (P < 0.001).
Scoring System Performance
Kaplan-Meier plot of survival over the 5-year period by the cohort and score group (Figure 2
DISCUSSION
We developed a scoring system to assess 5-year mortality risk in US incident dialysis patients 70 years or older to determine clinical appropriateness for transplant referral. The 5-year mortality event rate in the population was 80%, which is much higher than that of the general dialysis population in the United States that has a 5-year mortality event rate of approximately 60%. 11 However, the older ESRD population demonstrated significant variability in mortality-40% of this population had a 90% 5-year mortality rate, whereas approximately 3% had a 50% 5-year mortality rate.
Our goal was to identify the group of older patients who would derive the greatest benefit from Nonsignificant categories mean that the beta coefficients in the model were nonsignificant, and hence these categories are considered the same as the baseline category. transplantation. A score of À4 or less could be used to identify patients for transplantation referral. This cutoff identifies the top 12% (those in score groups 1 and 2) of older dialysis patients. The first group includes 3.5% of this population with a 50% 5-year mortality risk and a second group that contains nearly 9% of this population with approximately 60% 5-year mortality risk. These mortality risks are comparable to the 5-year mortality risk of the general ESRD population that is approximately 60% for hemodialysis patients. 11 Because this score is a screening tool for referral to transplantation evaluation, we should aim to be more inclusive rather than more exclusive. For those falling outside of the lowest score groups, individual considerations may still take precedence, especially if most of the score derives from chronologic age alone rather than other comorbidities. Apart from its use in transplant referral, calculating this prediction score for each individual allows the health professional to have a starting place for comparison and a framework with which to approach patients and initiate patient-care discussions.
We found that the characteristics with the strongest association with 5-year mortality were chronologic age greater than 80, BMI less than 18, the presence of congestive heart failure, chronic obstructive pulmonary disease, immobility, or being institutionalized.
Increasing age, heart failure and chronic obstructive pulmonary disease have also been correlated with increased first year mortality in incident dialysis patients in other countries. 12, 13 Immobility or institutionalized status has been found to be associated with mortality in the ESRD or elderly population, and dialysis initiation portends worsening functional status in institutionalized dialysis patients. 7, 14 Low BMI has been found to be correlated with increased mortality risk in the general white population in the United States and Switzerland. 15, 16 It is hypothesized that low BMI in the general population is an indicator of comorbid conditions like cancer or respiratory disease, though the Swiss study showed that mortality in the low BMI group is largely due to external causes rather than comorbid conditions. 16 BMI less than 18 has also been found in retrospective studies of US and European dialysis patients to be highly correlated with increased mortality. 17 In our study population, BMI less than 25, which is typically considered the cutoff for normal, was also found to be associated with increased 5-year mortality, though the strength of the association was weaker than that for the BMI less than 18. These findings are suggestive of the fact that "normal" or "healthy" BMI of the dialysis population may be higher than that of the general population. Dialysis patients are known to experience higher rates of protein-calorie malnutrition and generally have lower BMI than their age-and sex-matched controls in the general population. 18 Older adults may be particularly vulnerable to malnutrition and thus exhibit a more 
Number at risk, n (%) Number of deaths, n (%) Number at risk, n (%) Number of deaths, n (%) These findings are consistent with the "obesity paradox" observed among older patients in the general population and also corroborated in the dialysis population. 17, 19 In fact, studies have shown that patients who are obese before transplant actually do better after transplant than those with low BMI, though they do have higher wound complications. 20 The strongest associations to 5-year survival were any race other than white, a primary cause of ESRD other than diabetes, being employed within 6 months of dialysis initiation, and having an arteriovenous fistula at the time of dialysis start. Hypertension was also predictive of 5-year survival, which is consistent with other publications' finding that hypotension, particularly during dialysis, is correlated with worse outcomes in the ESRD population. 21 A Canadian study also showed improved 1-year mortality in patients with hypertension. 13 Furthermore, hypertension was present in a much higher proportion of the transplanted cohort, also suggesting that hypertension is associated with better prognosis. These findings of hypertension in the dialysis population actually portending better outcomes will need further delineation to distinguish the possible mechanism of protection. Patients may be better able to tolerate dialysis treatments because they have higher blood pressures. Patients with hypertension may also be on blood pressure medications that may protect them against cardiovascular comorbidities. We also found that older racial and ethnic minority patients with ESRD all have higher 5-year survival than white patients. Our work is consistent with prior research on older adults that shows that compared with whites, racial and ethnic minorities have greater survival on dialysis and improved post-transplant survival. [22] [23] [24] However, despite improved survival of older Hispanics, blacks, and Asians compared with their white counterparts, whites are still overrepresented in the transplanted cohort.
This study has several strengths. It is based on a large cohort of patients that includes the entire US dialysis population with a very small percentage excluded. The characteristics examined are derived from information readily available to the nephrologist on a patient's initiation at their dialysis unit, making the score applicable to patients who initiate dialysis and easy to use by nephrologists. The score developed captures not only baseline demographic and medical information, but also some information about the patient's functional status (mobility, assistance with activities of daily living), which are increasingly recognized as important predictors of outcomes in the elderly population. 25, 26 Furthermore, although this score is more useful for potential deceased donor kidney transplant candidates, it can be applied to older patients with potential living donors as well as to help prognosticate posttransplant survival. When applied to the transplanted cohort, our score had a c-statistic of 0.60 for the prediction of posttransplant mortality, which is unsurprising because mortality risk after receipt of a kidney transplant includes different predictors than the current model. This c-statistic is also similar to the performance of the Estimated Post Transplant Survival score currently used to risk stratify potential kidney recipients, which had a c-statistic of 0.67 to 0.69 in an external validation study. 27 Furthermore, because the transplantation surgery itself is not without risk, the scoring system may help identify patients who may not be able to tolerate the surgery. For example, those patients in the highest risk score group may need further scrutiny to determine their viability for surgical intervention regardless of the donor type. The use of this score may also be adjusted in those potential recipients with living donors such that perhaps an even more inclusive cutoff may be used to identify potential recipients to maximize the benefit of transplantation in relation to the risk of surgery for both recipients and donors.
One potential critique of this study is the exclusion of the kidney transplant recipients from the derivation and validation cohorts because their information could have contributed to a better, more discriminatory scoring system. However, transplant recipients needed to be excluded because we used logistic regression modeling for score development. Although a survival analysis approach like the Cox proportional hazards model would have allowed their inclusion through censoring of transplant patients at the time of transplantation, the data violated the basic proportional hazards assumption. In addition, the majority of patients who received transplants were in the lowest 2 score categories. Furthermore, given the small number of patients in the transplanted cohort (n ¼ 2297) compared with the number of patients in the derivation and validation cohorts (n ¼ 159,362), we are confident that the transplant cohort would have had a very small effect on the ultimate score model. This study is limited in that the data used are derived from the Medical Evidence Form 2728, which is typically completed by the physician, nurse, or social worker at the patient's dialysis unit. The comorbidities examined are reported in the form of check boxes, which may be completed with varying degrees of accuracy. 28 Also, because of the check-box way that comorbidities are listed on the Medical Evidence Form, the severity of certain important comorbidities could not be assessed. For example, the degree of congestive heart failure is not noted, nor the type or stage of cancer, both of which may preclude transplantation immediately without consideration of any other characteristic. This form also does not include potentially relevant information such as behavioral disorders or liver disease, which may impact survival. 7 The lack of granularity in this dataset precludes a very robust discriminatory ability in the scoring system. Furthermore, this scoring system does not include discriminators such as gait speed, frailty, cognitive impairment, or social support that can be obtained from a comprehensive geriatric assessment and that have been found to correlate with mortality. 25, 29, 30 In conclusion, we developed a predictive risk score to evaluate elderly incident dialysis patients and determine their suitability for referral for kidney transplantation. Given the heterogeneity of this patient group, the score can help broaden referral decisions and provide a clinical rationale for nonreferral. The score is not meant to be all encompassing, but aims to provide guidance for referring physicians and transplant professionals when making important clinical decisions in a heterogeneous population. Further work evaluating the performance of this score in a prospective manner still needs to be done.
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